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high abundance genes (RPLP0) was assayed in duplicate using an alternate set of primers which resulted in equivalent counts. All gene assays, except for ABCF1, were successful with the initial set of selected primers. Two 4 bp runs of primer dimer pairs were present in the original ABCF1 F1 primer, which when omitted resulted in a successful assay. Although initial experiments included the use of deoxyuridine substitutions on the second strand primer, its use was subsequently found to be unnecessary and has been excluded in later experiments. This optional strategy may be reserved for troubleshooting difficult situations where primer interference with downstream steps is suspected. Genes for multiplex targeted sequencing were chosen from popular human qPCR gene expression assays.
Resulting F1 PCR amplicons were 362 to 450 bp in length, and F2 PCR amplicons were 210 to 320 bp in length. All gene IDs and primer sequences are listed (Supporting information, Table S1 and S4).
cDNA synthesis and molecular indexing
Eight (8) µL of sample (isolated RNA or crude cell lysate) was mixed into a tube containing 1 µg of E. coli carrier total RNA (Roche), 1 µL of 10 mM dNTP mix (NEB), 1 µL of 4 µM SS primer and 1 µL of 4 µM barcoded oligo-dT primer pool (Cellular Research) and incubated at 65°C for 5 min. The reaction was placed on ice and the following reverse transcription master mix was added: 2 µL 10X MMLV buffer (NEB), 10 units SUPERase-In (Ambion), 200 units MMLV reverse transcriptase (NEB) and 2 units Titanium Taq polymerase (Clontech) for a total reaction volume of 20 µL. The reaction was incubated at 37°C for 20 min followed by second strand synthesis: 94°C for 2 min, 55°C for 2 min, 68°C for 2 min. To maximize efficiency, this second strand reaction is repeated twice. The high annealing temperature of the second strand reaction (55°C) prevents un-intended excess barcode incorporation (dT 17 T m = 44°C). This procedure copies deoxyuridines on the barcoded dT primer into adenines on the second strand cDNA. All of the above reactions occur in a single tube by modulating temperature, and do not require additional pipetting steps. The reverse transcription reaction contains both the reverse transcriptase enzyme and the thermophillic DNA polymerase, but the latter is initially inactivated by antibody binding and is not active during the cDNA synthesis step. After heat inactivation of the mesophilic reverse transcriptase, the DNA polymerase is hot-start activated and begins to carry out second strand synthesis. To inactivate excess primers, 2.5 units of Uracil DNA Glycosylase (UDG) (NEB) were added and the reaction was mixed and transferred to a new tube and incubated at 37°C for 15 min. No purification procedure is necessary because abasic primers are prevented from participating and interfering in downstream steps, thereby increasing the specificity and efficiency of those steps.
Singleplex mRNA transcript counting
A 5 µL portion of the cDNA reaction was added to a 15 µL PCR master mix consisting of 0.75X Titanium Taq buffer, 0.15 µM dNTP mix, 0.05 µM gene specific F1 primer, 0.05 µM universal reverse primer and 0.75X Titanium Taq DNA polymerase. The reaction was incubated at 94°C for 2 min, followed by 30 cycles of: 94°C for 20 sec, 58°C for 20 sec, 68°C for 20 sec; followed by 68°C for 4 min. One (1) µL of the S4 PCR product was added into a 50 µL detection reaction consisting of 1X Taq buffer (NEB), 0.2 mM dNTP mix, 0.2 µM gene specific F2 primer, 0.2 µM Tye-563 labelled universal reverse primer and 2.5 units Taq DNA polymerase (NEB). The reaction was incubated at 94°C for 2 min, followed by 30 cycles of: 94°C for 20 sec, 55°C for 20 sec, 72°C for 20 sec; followed by 72°C for 4 min. Four (4) µL of the product was analyzed on a polyacrylamide 4-20% gradient TBE gel (Invitrogen) to assess size and purity.
Multiplex mRNA transcript counting
To simultaneously assay multiple genes in a single reaction, the molecular indexing PCR protocol was performed with the following changes: Primers for all genes were combined and used together in each step. The annealing step in the first amplification reaction was extended from 20 sec to 90 sec. After multiplex PCR, detection reactions for individual genes were then performed independently in separate F2 PCR reactions.
Imaging system
The PIXEL instrument (Cellular Research) is an automated fluorescence imaging system for 16-well slides ( Figure 1B 
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Equation 1
The threshold C is the probe intensity corresponding to the largest x j statistic, i.e. y j_max , where j_max corresponds to x j_max = max(x j ). The number of barcodes detected, k, corresponds to probes with intensities greater than the threshold C. Once k is determined, we can compute the number of molecules measured as described previously 2 .
Barcode counting by sequencing
Poly min. An equal volume of AMPure was added to purify the PCR product, and DNA was eluted in 40 µL 10 mM Tris-HCl, pH 8. Ten (10) µL was used for a nested PCR in 100 µL of 1X Titanium PCR buffer, 50 nM of each F2 primer, 1 µM of iL_B_PCR primer and 2 µL of Titanium Taq polymerase. PCR condition was the same as above, except only 12 cycles were used, and products were purified as before. To prepare for sequencing, 5 µL purified product was amplified by PCR in 100 µL1X Taq PCR buffer, 0.2 mM dNTPs, S6 Reads were mapped to the 960 oligo-dT barcodes and to the 96 gene targets and 4 spike-in controls using BWA 3 or Bowtie 2 4 . No read minimums were applied as inclusion criteria for counting barcodes. A bash script was used to count the number of barcodes detected in the sequencing reads for each gene.
RNA-Seq analysis of bulk RNA sample cDNAs were generated using the Illumina mRNA-Seq sample preparation kit through the polyadenylation step before using the NEXTflex qRNA-Seq kit (Cellular Research) to prepare sequencing libraries. Five hundred (500) ng of human normal lymphocyte total RNA was used as starting material and External RNA Controls Consortium (ERCC) RNAs (Ambion) were spiked into the input RNA sample to serve as an internal control. DNA sequencing was performed on a MiSeq instrument and paired-end reads were mapped using BWA to the HG19 Refseq RNA sequences downloaded from the UCSC Genome Browser (http://genome.ucsc.edu). RPKM values were calculated following published methods 5 .
Determination of Template Switching cDNA synthesis efficiency
Synthetic poly-adenylated RNAs were used as input for strand switch cDNA synthesis 6 Multiplex PCR is applied to amplify cDNAs for 96 genes and 5 spike-in controls, followed by nested PCR to add sequencing priming sites. PCR products are sequenced on the Illumina MiSeq instrument. Table S2. Sample barcodes for sequencing.  TAGCTTGT   CGATGTTT   GCCAATGT   ACAGTGGT   ATCACGTT   GATCAGCG   CAGATCTG   TTAGGCAT   GGCTACAG   CTTGTACT   ACTTGATG   TGACCACT   TGGTTGTT   TCTCGGTT   TAAGCGTT   TCCGTCTT   TGTACCTT   TTCTGTGT   TCTGCTGT   TTGGAGGT   TCGAGCGT   TGATACGT   TGCATAGT   TTGACTCT   TGCGATCT   TTCCTGCT   TAGTGACT   TACAGGAT   TCCTCAAT   TGTGGTTG   TAGTCTTG   TTCCATTG   TCGAAGTG   TAACGCTG   TTGGTATG   TGAACTGG   TACTTCGG   TCTCACGG   TCAGGAGG   TAAGTTCG   TCCAGTCG   TGTATGCG   S19   TCATTGAG   TGGCTCAG   TATGCCAG   TCAGATTC   TACTAGTC   TTCAGCTC   TGTCTATC   TATGTGGC   TTACTCGC   TCGTTAGC   TACCGAGC   TGTTCTCC   TTCGCACC   TTGCGTAC   TCTACGAC   TGACAGAC   TAGAACAC   TCATCCTA   TGCTGATA   TAGACGGA   TGTGAAGA   TCTCTTCA   TTGTTCCA   TGAAGCCA   TACCACCA   TGCGTGAA   GGTGAGTT   GATCTCTT   GTGTCCTT   GACGGATT   GCAACATT   GGTCGTGT   GAATCTGT   GTACATCT   GAGGTGCT 
